Horse Heaven Wind Project EFSEC Application for Site Certification

APPENDIX B: PRELIMINARY GEOTECHNICAL INVESTIGATION
REPORT

Horse Heaven Wind Farm, LLC



Preliminary Geotechnical Investigation Report

Horse Heaven Wind

Project

Benton County, WA

June 5, 2020

PREPARED FOR: PREPARED BY:

(7] Westwood
@scouT

CLEAN ENERGY




Westwood

Preliminary
Geotechnical
INnvestigation
Report

Horse Heaven Wind Project

Benton County, WA

Prepared For: Prepared By:

Horse Heaven Wind Farm, LLC. Westwood Professional Services
4865 Sterling Drive 12701 Whitewater Drive, Suite 300
Suite 200 Minnetonka, MN 55343

Boulder, CO 30201 (952) 937-5150

Project Number: R0O020776.01
Date: June 5, 2020



Preliminary Geotechnical Report | Horse Heaven Wind Project

Table of Contents

(O I 1'a 14 o To [ oy 4 [o] o HO PP 5
1.1 ProjECt DESCIIPTION ...ttt ettt e b e e e nne e 5
2.0 MEENOUS ... e 5
P R0 | = To] oo TSP PP PP PPN OPRPPRPPRRORIN 6

2.2 LADOrAtOrY TESHING . .. .eeeteeieeiee ettt sttt s e e e et e be e nnn e e e e neenne e 6

2.3 Electrical RESISTIVITY TESTING ... .cocuieiieitieiiiii et nnee 6
O I ST § (= @0 ] o Lo 1 4 o] o IS PPN 7
3.1 REQGIONEI GEOIOGY ...ttt 7

3.2 GRONAZAITS. ...ttt b e e n e neas 8
2.1 KAIST ... 8

3.2.2 SOIEXPansion @nd COIAPSE. ......cciuuieiieiiiii ittt ettt sttt e nbe e e 8

IR T =TI o 1] (o] | TSR OU P UPP TR 8

B.2.4  VOICANOBS ...tttk bbbt bbbttt h bRt R bR R b bbbt ne s 9

3.3 Subsurface Stratigrapiy........cceooioiiiie s 9

3.8 GPOUNGWALET ..ottt e b e b e et et e b e e e b e e e be e et et e e be e ne e 10
4.0 Discussion and RecommMeNndatioNs ... ..ot e 10
8.1 SOI PTOPEITIES ..ottt ettt n e b e be e e e ne e 10
4.1.1 MOISTUFE NG DENSITY ... .eiiiiiiiiieeitie ettt ettt ettt ettt et be e s b e e st e e asbeeenbeeanbeeabeaans 10

41,2 FFICHON ANGIE...c ittt ettt et et e et e e e be e s bt e e be e e be e e beeanree e 11

4.1.3 COMPIESSIDIHITY ...vveeieeieiie ettt ettt ettt et e st e e e sb b e e sabe e sabeesnbeesnaee s 11

4.1.4 California Bearing RALIO..........couii ittt 11

4.1.5  EIECTHCAI RESISTIVITY......c.tiiiiieiitit ettt ettt sttt ettt ettt et a e e sebe e sabeesnbeeans 11

4.1.6 TREIMEI RESISTIVITY ... .eiietie ittt sttt ettt b e bt e e bt e e bt e e beeanbeean 11

A.1.7  SOU COITOSIVITY ..ttt ettt ettt h e h e sb e e e mbe e e abe e e be e e beeebeeanbeeebeeanbeeans 11

4.1.8  COlAPSE POTENTIAL ... ..eeiiiiiiii ettt b e b e et e e be e s beeabeean 12

4.1.9 Compressive StreNgth OF ROCK.........coouiiiiiiiie e 12

4.2 General Earthwork CONSIAErations ............oouiiiieiieiieiicie e 12
4.2.1 Clearing and Grubbing............ooei i 12

4.2.2 EXCAVALION SAFELY ... eiiiiii ettt be et e e bee 12

4.2.3 ROCK RIPPADIITY ..ottt ettt se e sab e sebe e snbe e snne e 13

4.2.4 Permanent Cut and Fill SIOPES ........cooiuiiiiiiiii e 13

4.2.5 Fill Placement and COMPACTION .......coiuuieiiiiiiie ettt sbe e sabe e s e e sraee 13

4.2.6 Excavation Below Subgrade ProCeAUIES ..........couiiiiiiiiie et 14

4.3 General Foundation CONSIAEIATIONS ..........cccuviiieiiieiieiie it 15

1 | Confidential and Proprietary. TBPLS Firm #10074302



Preliminary Geotechnical Report | Horse Heaven Wind Project

4.3.1  LAteral RESISTANCE ... .eiiiiiiiie ittt ettt ettt ettt be e st e e s e e e be e et e e e beeenbeeabeeabeean 15

4.3.2 SeISMIC CONSIARIATIONS. ... .eiiieieiiee ettt ettt sttt ettt e e s b e et e s beeebeeenbeean 15

4.3.3 FFOSEDEPTN ...ttt bt b be e e be e be e nree e 15

4.4 Preliminary Wind Turbine Foundation Design Parameters...........cccooveiieieeiieiieneesiesee 16

4.4.1 Subgrade Preparation and TESTING........ccouia ittt saee et e e e nbee e 16

4.4.2 BeANNG CAPACILY ....coueeiitieitieetee ettt ettt ettt et e e bt e e shb e e sbe e eabe e sabe e e be e e be e e beeebeeabeeereean 17

4.4.3 Differential SEHEMENT...... ..o ettt ree 17

4.4.4 ROTALIONAl SHITNESS ....eiieeieiee ettt e st e e sbe e e sabe e sabeesnnee s 17

4.5 Special Geotechnical CONSIAEIALIONS .........cccuviiiieiiiiie i 17

4.5.1  SRAlIOW BEATOCK. ...ttt ettt e b e e sb e et e et e et e e nbeean 17

4.5.2 Ground IMPIOVEIMENT .......oouiiiiii ittt ettt et e et e e bt e e s be e e sbe e e sbbe e sabe e snbeesnneesnneeas 18

4.6 SUDSEAtION FOUNTATIONS ... .eiiiiie ittt et et e et e st e et e e snte e e ntae e sneeeeneeesneeeas 18

4.6.1  ShalloOW FOUNAALIONS .......ooiiiiiiiieie ettt b e bt et e et e e eenbee e 18

4.6.2 DIilled PIEI/SREATTS ... ..ottt be et e b 19

B.7 ACCESS ROBUS. ....ceiiiiii ettt ettt et e e et e e sae e e et e e sete e e nteeesneeeanteeeaneeesnneeenneeens 20

4.8 CoNnStruction CONSIAEIATIONS........cciie ittt eee ettt e et e st e e e e e snteeennneeas 21

LS T I I T 0 o = ] PP 21

8.0 R I O CES . 22
Tables

Table 4.2.5 Fill and Backfill Material Recommendations.............cccovoiiiiiiien i 14

Table 4.3.2 SeismMiC DeSIGN PAraMEtersS ........coooiiiiiiie et eee et seee e s e st e e snaeeeneeeesneeeens 15

Table 4.6.2.1 Axial Capacity Preliminary Design Parameters for Substation Structures ............ 19

Table 4.6.2.2 Lateral Capacity Preliminary Design Parameters for Substation Structures ........ 20

2 | Confidential and Proprietary. TBPLS Firm #10074302



Preliminary Geotechnical Report | Horse Heaven Wind Project

Attachments
Exhibits
Exhibit 1: Geotechnical Investigation Overview

Exhibit 2: Local Geology Map
Exhibit 3: Local Soils Map
Exhibit 4: Seismic Map

Tables

Table 1: Lab Test Summary

Table 2: Electrical Resistivity Testing Summary
Table 3: SPT (N-Value) Summary

Table 4: Depth to Rock Summary
Appendices

Appendix A:  Soil Boring Logs
Appendix B: Laboratory Testing Reports

3 | Confidential and Proprietary. TBPLS Firm #10074302




















































































































































































OMWNI

ASSOCIATES
a Westwood company

MOISTURE-DENSITY CURVE

Project: Horse Heaven Wind Project; Prelim Westwood Prj. No.: R0020776.01, Phase

Turbine Geotech - Benton County , WA 8210, Task 8211
Report To:  Scout Clean Energy Date: 5/4/2020
Boring Number:  T-235 Depth: 1-4'

Unified Soils Classification (ASTM:D2487):  SILT w/ SAND, dark brown (ML)

Tests Method: ASTM:D698, Method B

Preparation: Wet Manual Hammer

Max. Dry Density (pcf): 98.6 Optimum Moisture (%): 19.5

Dry Density (pcf)
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Reviewed By:

Paul R. Eggen

One Systems Drive, Appleton, WI 54914, Ph. 920/735-6900, fax 920/830-6300



Grain Size Distribution ASTM D422 JobNo.: 12516
Project:|Horse Heaven Test Date:  4/30/20
Reported To:|Westwood Surveying & Engineering Report Date:  5/6/20
Sample
Location / Boring No. Sample No. Depth (ft)  Type Soil Classification
X T-211 1-4 Bulk Silt (ML)
[ ]
&
Gravel Sand Hydrometer Analysis
Coarse | Fine Coarse | Medium | Fine Fines
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Grain Size (mm) ' ' '
Other Tests Percent Passing
X ° & X ° & * L] <&
Liquid Limit Mass (g)| 16242.0 Deo
Plastic Limit 2" Dg3p
Plasticity Index 1.5" Dyo
Water Content 9.8 1" Cy
Dry Density (pcf) 3/4" Ce
Specific Gravity 2.68* 3/8" Remarks:
Porosity #41 100.0
Organic Content #10| 100.0
pH #20| 99.7
Shrinkage Limit #40| 994
Penetrometer #100| 964
Qu (psf) #200] 86.9
(* = assumed)
OIL
NGINEERING

9530 James Ave South

ESTING, INC.

Bloomington, MN 55431




Grain Size Distribution ASTM D422

9530 James Ave South

ESTING, INC.

Bloomington, MN 55431

Job No.: 12516
Project:|Horse Heaven Test Date:  4/30/20
Reported To:[Westwood Surveying & Engineering Report Date: 5/6/20
Sample
Location / Boring No. Sample No. Depth (ft)  Type Soil Classification
Spec 1 T-211 1-4 Bulk Silt (ML)
Spec 2
Spec 3
Sieve Data
Specimen 1 Specimen 2 Specimen 3
Sieve % Passing Sieve % Passing Sieve % Passing
2" 2" 2"
1.5" 1.5" 1.5"
1" 1" 1"
3/4" 3/4" 3/4"
3/8" 3/8" 3/8"
#4 100.0 #4 #4
#10 100.0 #10 #10
#20 99.7 #20 #20
#40 99.4 #40 #40
#100 96.4 #100 #100
#200 86.9 #200 #200
Hydrometer Data
Specimen 1 Specimen 2 Specimen 3
Diameter (mm) % Passing Diameter % Passing Diameter % Passing
0.033 30.9
0.022 18.2
0.013 12.0
0.009 8.2
0.007 6.1
0.003 3.8
0.001 1.9
Remarks
Specimen 1 Specimen 2 Specimen 3
OIL
NGINEERING




Moisture Density Curve ASTM: D698, Method B
Project:  Horse Heaven Date: 5/4/20
Client: Westwood Surveying & Engineering Job No. 12516
Boring No. T-211 Sample: Depth(ft): 1-4 Location:

Soil Type: Silt (ML)

As Received W.C. (%): 9.8 LL: PL: PI: Specific Gravity: 2.67 *Assumed
* A < A

Maximum Dry Density (pcf): 99.9 Opt. Water Content (%): 18.3
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California Bearing Ratio nsio1ss3

Penetration (in)

Project: Horse Heaven Job: 12516
Client: Westwood Surveying & Engineering Date:  5/13/20
Boring #: T-211 Procedural Method:
Sample: Specimens compacted to approximately 90% and 95% of maximum standard proctor
Depth (ft): 1-4 |Type: Bulk density at optimum moisture content. Specimens soaked for a period of 4 days
Location: before CBR test was performed.
Classification:  Silt (ML)
Laboratory Moisture-Density Values Index Properties
Method: ASTM:D698 Method B LL: Gs:
Maximum Dry Density (PCF): 99.9 PL: Organic Content:
Optimum Water Content: 18.3% Pl: pH:
Initial Molding Conditions
Specimen A B
Compaction Hammer: 51b 51b
Number of Layers: 3 3
Blows per Layer: NA NA
Initial Moisture Content: 18.3% 18.3%
Initial Dry Density (PCF) 89.9 94.9
Relative Compaction 90.0% 95.0%
Soaking Phase
Days Soaked 4 4
Surcharge (psf) 50 50
Total Swell (%) 0.1% 0.4%
Penetration Phase
Surcharge (psf) 50 50
Corrected CBR Values
at 0.1 inch (%) 2.3% 4.7%
at 0.2 inch (%) 2.9% 6.3%
Moisture Content After Penetration
Top 1" of Specimen: 24.5% 22.4%
Average of specimen: 24.0% 21.0%
Stress vs. Penetration Graph
Corrected Penetration Plot
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California Bearing Ratio xsmy.p1ss3

Project: Horse Heaven Job: 12516
Client: Westwood Surveying & Engineering Date:  5/13/20
Boring #: T-211 Procedural Method:
Sample: Specimens compacted to approximately 90% and 95% of maximum standard proctor
Depth (ft): 1-4 |Type: Bulk density at optimum moisture content. Specimens soaked for a period of 4 days
Location: before CBR test was performed.

Classification:  Silt (ML)

Test Plot

Dry Density vs CBR
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Synergy Environmental Lab, INC

1990 Prospect Ct., Appleton, WI 54914 *P 920-830-2455 * F 920-733-0631

PAUL EGGEN

OMNNI ASSOCIATES INC
ONE SYSTEMS DRIVE
APPLETON WI 54914-1654

Report Date 26-May-20

Project Name HORSE HEAVEN WIND PROJECT

Proiect # 0026747.11

Lab Code 5037856A
Sample ID SS-016
Sample Matrix Soil
Sample Date
Result

General
General
Solids Percent 99.5

Wet Chemistry
General
Sulfate, Unfiltered 223
Chlorides, Unfiltered 16.9"7"

Lab Code 5037856B
Sample ID T153 8
Sample Matrix Soil
Sample Date
Result

General
General
Solids Percent 98.6

Wet Chemistry
General
Sulfate, Unfiltered 79.6
Chlorides, Unfiltered <9.2

Unit LOD LOQ Dil Method

% 1 5021
mg/kg 12.9 43 1 9056
mg/kg 92 307 1 9056

Unit LOD LOQ Dil Method

% 1 5021
mg/kg 12.9 43 1 9056
mg/kg 9.2 30.7 1 9056

WI DNR Lab Certification # 445037560

Ext Date

Ext Date

Invoice # E37856

Run Date Analyst Code

5/7/2020 MIR 1
5/14/2020 ESC 1
5/14/2020 ESC 1

Run Date Analyst Code

5/7/2020 MIJR 1
5/14/2020 ESC 1
5/14/2020 ESC 1

Page 1 of 3



Project Name HORSE HEAVEN WIND PROJECT

Proiect # 0026747.11

Lab Code 5037856C
Sample ID T-184 11
Sample Matrix Soil
Sample Date

General
General
Solids Percent

Wet Chemistry
General
Sulfate, Unfiltered
Chlorides, Unfiltered

Lab Code 5037856D
Sample ID T-194 5
Sample Matrix Soil
Sample Date

General
General
Solids Percent

Wet Chemistry
General
Sulfate, Unfiltered
Chlorides, Unfiltered

Lab Code 5037856E
Sample ID T-2238
Sample Matrix Soil
Sample Date

General
General
Solids Percent

Wet Chemistry
General
Sulfate, Unfiltered
Chlorides, Unfiltered

Result

99.0

24.7")"

49.3

Result

99.3

13.2"J"
<9.2

Result

98.8

229
<92

Unit LOD LOQ Dil Method

% 1 5021
mg/kg 12.9 43 1 9056
mg/kg 9.2 30.7 1 9056

Unit LOD LOQ Dil Method

% 1 5021
mg/kg 12.9 43 1 9056
mg/kg 92 307 1 9056

Unit LOD LOQ Dil Method

% 1 5021
mg/kg 12.9 43 1 9056
mg/kg 92 307 1 9056

WI DNR Lab Certification # 445037560

Ext Date

Ext Date

Ext Date

Invoice # E37856

Run Date Analyst Code

5/7/2020 MJR 1
5/14/2020 ESC 1
5/14/2020 ESC 1

Run Date Analyst Code

5/7/2020 MJR 1
5/14/2020 ESC 1
5/14/2020 ESC 1

Run Date Analyst Code

5/7/2020 MIR 1
5/14/2020 ESC 1
5/14/2020 ESC 1

Page 2 of 3



Project Name HORSE HEAVEN WIND PROJECT Invoice # E37856
Project # 0026747.11

"J" Flag: Analyte detected between LOD and LOQ LOD Limit of Detection LOQ Limit of Quantitation
Code Comment
1 Laboratory QC within limits.

ESC denotes sub contract lab - Certification #998093910

All solid sample results reported on a dry weight basis unless otherwise indicated. All LOD's and LOQ's are
adjusted for dilutions but not dry weight. Subcontracted results are denoted by SUB in the analyst field.

Ny,

1 f
Authorized Signature 7 /"LJ /Q
'V J.,d p
¢

WI DNR Lab Certification # 445037560 Page 3 of 3



